pathogenic bacteria and microbial dental plaque biofilm can prevent gingivitis and dental caries (8, 9) . However, these oral pathogens cannot be easily eliminated completely from oral cavity with common daily sanitation. Antiseptics appear to be the efficient tools for this prevention, however the prolong use of these agents has led to emergence of multidrug-resistant pathogens (10) .
Recently, much attention has been given to natural products with health-promoting benefits. Novel therapeutic products from plants have been extensively reported (11) (12) (13) . Plants produce various active molecules that are able to fight bacterial infections successfully (14, 15) . Many potential plant extracts have been reported on their antimicrobial activity against oral pathogens (16, 17) . Moreover, the synergistic interactions of secondary plant metabolites with antibiotics or certain bioactive compounds were reported (18, 19) .
Caesalpinia sappan is a member in family Leguminosae. The heartwood of C. sappan has been used as coloring agent in many products of food, beverage, and cosmetics. Importantly, C. sappan has long been used as traditional medicine in treatment of many kinds of infectious diseases. Some phenolic compounds existing in this plant have been isolated as well as the finding on their pharmacological activities such as antioxidant (20) and anti-inflammation (21) . For antimicrobial activity, it has been reported that C. sappan extracts can inhibit the growth of several aerobic and facultative bacteria such as Salmonella ebony, Salmonella typhi, Klebsiella pneumoniae, Escherichia coli, Bacillus subtilis, Salmonella faecalis, Enterobacter aerogenes, Pseudomonas aerogenosa, and Staphylococcus aureus (22) . Moreover, the extract showed antifungal activity against Aspergillus niger and Candida albicans (23) . However, up to our best knowledge, there is no scientific evaluation of C. sappan extracts on inhibition of oral pathogenic bacteria such as S. mutans and S. intermedius that are the major cause of dental carries and gingivitis, respectively. This study was designed to elucidate their potential effects on those pathogens.
Materials and Methods

Chemicals
Chloroform, n-hexane, ethyl acetate, ethanol, methanol, and dimethyl sulfoxide (DMSO) were from RCI Labscan Ltd. (Bangkok, Thailand). Difco TM Brain heart infusion (BHI) broth and agar were from Bacton, Dickinson and Company (Maryland, USA). Silica gel 60 (0.040-0.063 mm) for column chromatography (230-400 mesh ASTM) was from Merck KGaA (Darmstadt, Germany). The other chemicals and solvents were of the highest grade available.
Plant materials and preparation of ethanol crude extracts
The fresh samples of C. sappan and other medicinal plants presented in Table 1 were collected from the local area in Chiang Mai Province, Thailand. All plants were identified by the botanist in the botanical herbarium of Faculty of Pharmacy, Chiang Mai University to obtain the reference numbers. The plant materials were dried and pulverized into fine powder before macerating in 95% ethanol (24 h × 3 at room temperature). After maceration, the mixtures were filtered and the solvent was removed from the filtrates to obtain the ethanol crude extracts. The obtained ethanol crude extract of C. sappan (Cs-EtOH) and those of other plants were kept in the refrigerator until use.
Fractionated extracts preparation
The dried powder of C. sappan was subjected to fractionated extraction previously described (24) using 3 different solvents; n-hexane, ethyl acetate, and ethanol in orderly to obtain the fractionated extracts namely F-Hexane, F-EtOAc, and F-EtOH, respectively.
Bacteria strains and culture
Three strains of Gram-positive facultative anaerobic pathogenic bacteria including S. mutans DMST9567 (Smu9), S. mutans DMST41283 (Smu4), and S. intermedius DMST42700 (Si) were cultured and incubated under anaerobic condition at 37°C in 5% CO 2 . Blood agar plates were prepared from 5% human blood in BHI agar.
Comparing antimicrobial activity of ethanol crude extracts
The antibacterial activity of Cs-EtOH in comparison with the ethanol crude extracts of other medicinal plants, which their antibacterial activity has been previously reported, was investigated using disc diffusion method. Before testing, the amount of the cultures was adjusted by adding BHI broth until the turbidity was equivalent to 0.5 McFarland standard which referred to 1 × 10 8 CFU/mL. Each blood agar plates were streaked with bacterial stock suspension. The extracts were dissolved in DMSO to a final concentration of 200 mg/mL before adding onto the sterile paper discs of 5 mm in diameter, and then put them on the top layer of the blood agar plates. Chlorhexidine (CHX) 0.12% solution and DMSO were used as positive and negative controls, respectively. The plates were incubated at 37°C in 5% CO 2 anaerobic chamber for 24 h. The antimicrobial activity was evaluated by measuring the diameter of the inhibition zone.
UV/VIS detector at 280 nm.
Killing kinetics of F-EtOH
The suspensions of the tested bacterial strains (1 × 10 6 CFU/mL) were prepared in BHI broth in 96-well plates. F-EtOH was diluted with BHI broth and added into the bacterial suspension and gently mixed to have the final concentrations of 2 and 4 folds of its MBC. The plates were incubated at 37°C in 5% CO 2 anaerobic chamber for 24 h. The surviving bacteria were monitored at 0, 1, 2, 4, 6, 12, and 24 h by collecting the culture at each time point and cultured on the blood agar plates. The number of viable bacterial colonies was counted. CHX 0.12% solution was used as a positive control and the BHI broth was used as a negative control. Killing kinetic profiles were generated between log colonies of the survival bacteria and time.
Statistical analysis
The experiments were conducted in triplicate. The results were expressed as mean ± SD and statistically analyzed via SPSS statistic 17.0 software. ANOVA and Turkey's Multiple test have been determined the significant at p < 0.05.
Results
Antimicrobial activity of crude ethanol extracts
As shown in Table 1 , among various ethanol crude extracts of the tested plants, Cs-EtOH showed the highest potential against the tested oral pathogens with the widest inhibition zone against Smu9, Smu4, and Si of 17.5 ± 0.5, 18.5 ± 0.0, and 17.0 ± 0.0 mm, respectively. Its inhibition activity was significantly higher than a positive control, CHX solution, which showed the inhibition zone of only 16 ± 0.0, 15 ± 0.0, and 10.0 ± 0.0 mm, respectively. Followed Cs-EtOH was the extract of flowers of Syzygium aromaticum which showed the
Antimicrobial susceptibility of C. sappan extracts
The antimicrobial susceptibility of F-Hexane, F-EtOAc, F-EtOH, and Cs-EtOH was evaluated by comparing the value of minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of the extracts against the tested pathogenic strains using broth microdilution method. The sample stock solutions (in 25% DMSO) were diluted to the serial concentrations of 7.8-2,000 µg/mL and added into the suspension of 1 × 10 6 CFU/mL of the bacterial strains in the 96-well plates. The plates were then incubated at 37°C in 5% CO 2 anaerobic chamber for 24 h. The lowest concentration that inhibited the bacteria was considered as the MIC of the extract. The cultures were further investigated for MBC by streaking on blood agar plates. The plates were incubated at 37°C in 5% CO 2 anaerobic chamber for 24 h. The lowest concentration in the plates that bacterial growth could not be visible was considered as the MBC.
Separation of F-EtOH and fingerprint preparation
F-EtOH was separated using column chromatography. Silica gel 60 was used as the stationary phase and the mixture of chloroform/methanol at the ratios of 15:1, 10:1, and 5:1 was used as the mobile phase. Thin layer chromatography (TLC) was used for characterized the spots of the collected fractions. The fractions having similar TLC pattern were pooled and concentrated by rotary evaporator. The yield of each fraction was recorded. The fingerprint of all fractions were prepared by means of high performance liquid chromatography (HPLC) using HPLC Shimadzu CLASS-VP™ model (Kyoto, Japan) and the reversed phase Eurospher 100, i.d. 4 mm, C18 column, Knauer (Berlin, Germany). The system was conducted with isocratic at room temperature. The mixture of 1 % v/v acetic acid in DI water (A) and methanol (B) at A:B ratio of 75:25 was used as the mobile phase. HPLC procedure was operated with the mobile flow rate of 1 mL/min, injection volume of 10 µL, running time of 30 min, and monitored with aromaticum, but it could not inhibit Smu9. The extracts from some common medicinal plants such as Cassia alata and Psidium guajava showed slight inhibition and against only one strain whereas the extracts from some plants such as Piper sarmentosum and Sesbania grandiflora showed no activity against the tested oral pathogens.
Antimicrobial susceptibility of C. sappan extracts
Antimicrobial susceptibility against the 3 strains of oral pathogenic bacteria; Smu9, Smu, and Si, was expressed as their MIC and MBC values. The results are showed in Table 2 . It was found that among Cs-EtOH and the three fractionated extracts of C. sappan, F-Hexane presented MIC and MBC values higher than 2,000 µg/mL for all strains. Meanwhile, F-EtOAc, F-EtOH, and Cs-EtOH revealed lower MIC and MBC values. It was clearly seen that F-EtOH possessed the lowest MIC of 62.5 and 125 µg/mL against Smu9 and Smu4, respectively indicating its highest antibacterial activity. The results on MBC values also confirmed that this fractionated extract of C. sappan possessed the highest antibacterial activity against the tested oral pathogenic bacteria as it showed the least MBC values. Therefore, F-EtOH was selected for further studies on killing kinetics patterns against those pathogens.
Separation of F-EtOH and fingerprint preparation
Separation of F-EtOH by column chromatography yielded 11 fractions (F1-F11). After removing solvents, the yield of each fraction was recorded. It was found that the yield of each fraction was different as shown in Table  3 . It was found that approximately 25% of the extract was loss during separating process since a summation of the yield of all fractions was only 75%. The yields of F6-F9 were relatively higher than the others. Optimal HPLC conditions previously reported for C. sappan extracts (25) were used to prepare HPLC fingerprints of the extracts. The HPLC fingerprints of 11 fractions isolated from F-EtOH in comparison with that of F-EtOH were shown in Figure 1 . The results revealed that F-EtOH consisted of at least 5 compounds which exhibited at different retention times. Peak 2 is the largest one followed by peaks 3, 5, 4, and 1, respectively. Comparing the HPLC fingerprints of 11 fractions, F1-F4 did not exhibit any peak at the same retention times as peaks 1-5 of F-EtOH. F6 revealed the highest pure fraction that contained mostly peak 2 and the very less of one more peak at the position prior to peak 2.
Antimicrobial susceptibility of F-EtOH fractions
Serial dilutions of 11 fractions separated from F-EtOH were prepared and determined for MIC and MBC. The results as shown in Table 3 revealed that F1-F4 had no antibacterial activity against all tested bacterial strains. Interestingly, F5-F11 that one of their HPLC peaks was at the same retention time as peak 2 (of F-EtOH) had antibacterial activity against all tested oral pathogenic strains. It was noted that F8-F11 that HPLC peaks were the same retention time as peaks 3, 4, and 5 were also able to inhibit the bacterial strains. Among 11 fractions, F6 was the most effective fraction, however, its ability was less than F-EtOH. It was considered that the compound at peak 2 was the major active antibacterial agent of F-EtOH. The high antibacterial activity of F-EtOH was considered to be due to the synergism of this active compound and the minor constituents existing in this fractionated extract. F-EtOH was therefore selected for further study.
Killing kinetics of F-EtOH
The killing kinetic profiles of F-EtOH against both strains of S. mutans, Smu9 and Smu4, were shown in Figures 2 and 3 , respectively. It was found that the killing kinetic profiles of 2-fold MBC and 4-fold MBC against these strains during the first 3-6 h were slightly different. F-EtOH of 4-fold MBC showed higher potential than that of 2-fold MBC. However, the bacteria were completely killed by both concentrations within 12 h. The killing kinetic profiles of F-EtOH against S. intermedius were shown in Figure 4 . It was found that the bacterial inhibition activity of F-EtOH against this strain was significantly higher than against S. mutans and it was clearly dose dependent. Si could be completely killed within 12 h by 2-fold MBC whereas it was only 6 h that the pathogen was completely killed by 4-fold MBC.
Discussion
Currently, there is a trend to use the active ingredient from natural sources such as plants. Many plants that used to be the ingredients in the traditional medicinal remedies for oral health care have been researched. The secondary metabolite compounds of plants have been reported as bioactives for several activities including antimicrobial activity against many pathogens and many of them are purposed to use instead of chemicals (26) . C. sappan has been extensively studied and reported on its bioactivities such as antioxidant, antiinflammatory, and antimicrobial activities. Previous study reported the antimicrobial activities of C. sappan extract obtained from water extraction of its wood (27) . It is found that the main active compounds from its aqueous extraction is brazilin (28, 29) . Unfortunately, this compound is unstable. Therefore, it is less possible to use this pure compound for clinical applications. For some plants, the whole extracts show higher benefits than their pure compounds regarding to the synergistic effects on stability and activity (15, 18, 19, 30) . However, for aqueous extract, it is difficult to remove water from the aqueous solution of the extract by common rotary evaporator. Ethanol is easier to remove than water. Ethanol has been reported to be safe and effective for extraction of many bioactive compounds, especially phenolic compounds and volatile oils (31, 32) . Therefore, ethanol was chosen as extracting solvent for preparation of the crude extract of C. sappan and the other plants in the present study. Although, extensive researches have widely reported on biological activities of C. sappan (21) (22) (23) 28, 29, 33, 34) , the researches on inhibition of oral pathogens are still limited. The current article provides more scientific data of C. sappan extracts on the oral pathogenic bacteria. The results show many interesting issues. It is found that not all of the extracts, which were previously reported to have inhibitory activity against some other bacterial species, could inhibit the oral pathogenic bacteria. Among the crude extracts from 10 medicinal plants, there are only 4 plants that possess the antibacterial activity against all tested strains of oral pathogens. Among them, Cs-EtOH is the most effective extract on inhibition of all tested strains of oral pathogenic bacteria. More interestingly, when the fractionated extracts of C. sappan from three different extracting solvents, n-hexane, ethyl acetate, and ethanol are compared, it is found that only F-EtOH has the highest potential on inhibition of those tested pathogens. This result indicated that the polarity of the active ingredients of C. sappan are relatively high. Our result was in accordance with the previous report which presented that the most active extract of C. sappan on antimicrobial activity against Salmonella ebony, Klebsiella pneumonia, Escherichia coli, and Bacillus subtilis was found in the polar solvent fraction (22) . It has also been reported that C. sappan contains many active ingredients which mostly are phenolic compounds that can be categorized into several structural groups such as brazilin, chalcone, protosappanin, and homoisoflavonoids (21) . Brazilin was reported to have strong antimicrobial activity (35) . Recently, it has been reported that brazilein which is the oxidizing form of brazilin could be easily occurred during extraction or storage, and separation from brazilin is quite difficult (36) . Therefore, it might be possible that either brazilin or brazilein or both of them possessed high potential for the antibacterial activity against the test oral pathogens in the present study. In addition, after separation of F-EtOH by column chromatography, F-EtOH demonstrates its activity significantly higher than its purified fractions. This result is considered to be due to the synergistic effect of the major active compounds and the other minor compounds inside the extracts.
Kinetic inhibitory activity against oral pathogenic bacteria of F-EtOH reveals its high effects on killing the tested bacteria. F-EtOH can completely kill the tested oral pathogenic bacteria within 6-12 h. The killing activity is depended on the type of the pathogenic species and the dose of F-EtOH. It is concluded that F-EtOH is the most effective extract of C. sappan and it is worth for further study in animal or clinical trial.
